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Abstract 
In Malaysia, an efficient sewerage system is vital to ensure that wastewater is treated adequately before being discharged 
into the river system. Wastewater from household may contain harmful dissolved or suspended matter and unregulated 
discharge of wastewater that undermines biological diversity, natural resilience and the capacity of the ecology to provide 
fundamental ecosystem services. This study is undertaken to assist the relevant governmental bodies and service providers 
to identify an improved wastewater management strategy from the consumer perspectives. The study applies the choice 
modelling technique and based on focus group discussions, attributes such as river water quality (effluent), environmental 
improvement (sludge), standard time for repair (response time), odour impact (distance) and a monetary attribute 
(additional payment) were identified. 
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1. Introduction 
Malaysia’s population is increasing rapidly and will reach 32 million in 2020. As population increases, so 
does the production of wastewater and the number of people vulnerable to the impacts of severe wastewater 
pollution. Household wastewater treatment services have become a major challenge for Malaysia, due to the 
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fragmented management plans as well as increasing awareness on environmental quality and better education 
on public health. Wastewater from household may contain harmful dissolved or suspended matter and 
unregulated discharge of wastewater undermines biological diversity, natural resilience and the capacity of the 
ecology to provide fundamental ecosystem services.  
The Malaysian government is currently deliberating on improving the quality of household wastewater 
treatment services. However, any improvements would likely entail higher sewerage charges to households. 
This study examines what specific improvements in wastewater service attributes are prefered by households 
as well as their willingness to pay to obtain such improvements. 
2. Methods 
This study employs the Choice Modelling (CM), which offers several advantages over other non-marketed 
goods valuation techniques. The most significant advantage is that it allows the simultaneous presentation of a 
number of substitute or alternative goods/services. This requires respondents to consider complementary and 
substitution effects in the choice process. The problems of bias can be minimised by making the attribute of 
interest implicit within the set of alternatives used in the CM experiment. Relative to a typical contingent 
valuation method, the CM also provides a more flexible and realistic way for respondents to identify the 
various trade-offs between alternatives [1]. According to consumer decision theory, consumers make 
decisions based upon a product’s attributes [2]. In a choice experiment, consumers are presumed to allocate 
utility to the various levels of an attribute and subsequently develop a total utility for a specified product or 
service, which can be real or hypothetical [3]. Thus, if we consider household wastewater treatment and 
services to be a product or good, then a CM study will enable us to assign a monetary value of its attributes 
and further determine their relative importance to households. A recent application of CM to the case of solid 
waste disposal options in Malaysia can be found in [4]. 
3. Initial Findings of CM: Determination of Attributes and Levels 
A CM design should include attributes in the experiment that are meaningful to both the participants and 
management/policy context which motivates the study to be undertaken. Each attribute must have a range of 
levels to allow empirical estimation of part-worth utility [5]. In this study, to ensure that significant attributes 
are identified and appropriate levels selected for the choice experiment, literature reviews, guided focus 
groups and expert opinions were undertaken. The focus group interviews with selected households were 
conducted to obtain insights of the decision context likely to confront the choice experiment participants. The 
second phase of the consumer focus group sessions tested the understanding of wastewater management 
experts and ensures that the experiment is real from the participants’ perspective. 
3.1. Initial Phase: Technical Perspective 
Focused interviews were conducted with technical experts involved in wastewater treatment and services 
in Malaysia. Based on these sessions, information such as wastewater systems, technological characteristics of 
these systems, current policies, customer services, and customers’ expectations on wastewater treatment and 
service were listed. Technical experts also assisted in identifying the potential relative level of environmental 
and human harm associated with each wastewater system and the likely levels of other attributes. Such 
interviews had been instrumental to reveal service attributes that are important from the technical or supplier 
perspective. 
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3.2. Consumer Focus Group Sessions 
Focus group sessions were conducted within small groups of selected households in the state of Selangor 
to gain an understanding of the consumers’ perspective on wastewater treatment. Essentially, the focus 
sessions were aimed at identifying the relevant attributes and levels relative to household wastewater systems 
from the user perspective. Focus group participants varied in terms of demographic and social status. Each 
session began with an introduction on the current issues surrounding household wastewater treatment systems 
in Malaysia, followed by an example of a choice set. Participants were then asked to freely discuss the issues 
that they felt important on how to improve the current wastewater system and services. For each attribute, 
participants were asked to discuss the plausible service levels of that attribute. On the monetary attribute 
(additional monthly payment for improved wastewater treatment system), participants were requested to 
suggest what incremental price they would be prepared to pay to obtain the said improvement. The focus 
sessions also revealed the difficulty of participants to identify the range of price attribute consistently. 
However, in general, the lower and upper limits for this additional payment attribute suggested by participants 
were RM1–RM2 monthly. Each of these attributes is briefly discussed below. 
3.3. Specifying Attributes and Levels 
Previous studies on household wastewater treatment and service improvement in different countries used 
attributes as stated below in Table 1: 
Table 1. Attributes in previous studies 
Country Attributes References 
Victoria, Australia  Price (annual payment); environmental improvement; subdivision 
potential; on-going household responsibility. 
[6] 
Ganga, India Quantity of treated wastewater; quality treated wastewater; 
regeneration of the Park; monthly increase in the municipal tax. 
[7] 
Kenya, Africa Quality of treated wastewater for irrigation; quantity of treated 
wastewater for irrigation; ecosystem restoration in Motoine-
Ngong-Nairobi River; monthly municipal tax. 
[8] 
This study uses four non-monetary attributes and one monetary attribute for inclusion in the final choice 
experiment following the consumer focused sessions. These include river water quality (effluent), 
environmental improvement (sludge), standard time for repair (response time), odour impact (distance of 
treatment plant from housing area) and additional payment. Table 2 lists the attributes, definitions, together 
with the corresponding levels and codes. The utility of each function for the main effects is written: 
Vi = C0 + β1*Time + β2*Odour + β3*Effluent+ β4*Sludge + β5*Payment  (1) 
Table 2. Attributes, definitions and level 
Attributes (A) Description Levels Codes 
Standard time 
for repair 
(Response 
time) : A1 
The local service provider - Indah Water Konsortium (IWK) is responsible to 
clear blockages, desludging of septic tank, overflowing manhole/toilets and 
plant problems. Proposed improvement of standard waiting time from 48 
hours to within 24 and 12 hours from the time of notification. 
48 hours (baseline); 
24 hours;  
12 hours 
0;  
1;  
2 
 
Odour Impact 
(Distance) : A2 
Odour impact may arise from treatment plants and improper treatment of 
sludge before disposal. The guidelines for treatment plant design and siting of 
sludge disposal sites specified buffer zones requirement, which serves to 
10-30 meter 
(baseline);  
50-100 meter;  
0;  
1;  
2 
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minimize odour impact. Distance of sewerage treatment plant from the 
residential area may be improved to avoid complaints such as odour nuisance 
and visual disamenity from sewerage treatment plant.  
100-150 meter 
River Water 
Quality  
(Effluent) : A3 
Effluent is produced at the end cycle of sewage treatment. It is treated to meet 
the DOE Standard A or B for emission into a body of water or a river. 
Currently IWK's treatment plants produce approximately 4000MLD of bio-
effluent nationwide which is approximately 25% of raw water resources of 
the nation. Thus, additional treatment of parameter such as ammonia, etc may 
improve the river water quality to either Clean or Very Clean. 
Slightly Polluted 
(baseline); 
Clean; 
Very Clean 
0;  
 
1;  
2 
Environmental 
Improvement 
(Sludge) : A4 
Sludge (bio-solids) is produced as a dry end product from a sewage treatment 
plant. It is a valuable resource containing high proportions of organic matter 
and nutrients essential for plant growth. Treated sludge may contain 
dangerous toxic substances and chemicals that are harmful to the 
environment. Thus, advanced wastewater treatment technology may improve 
the quality of sludge. 
50% (baseline);  
60% improvement; 
80% improvement; 
90% improvement 
0;  
1;  
2;  
3 
Additional 
payment 
(Monthly) : A5 
Households are charged RM8 per month for the service of IWK. However 
household will be charged additional payment to improve wastewater 
treatment quality and services. 
RM 0 (baseline); 
RM1;  
RM2  
0;  
1;  
2 
Table 3. Choice sets (binary attributes) 
Block Choice set (Pair #) 
Option 1  Option 2 A1 A2 A3 A4 A5 A1 A2 A3 A4 A5 
 1 1 1 1 2 1  0 0 1 0 1 
 2 0 0 1 2 2  2 1 2 0 1 
Block 1 3 0 1 2 3 2  1 0 1 0 2 
 4 0 2 0 3 1  1 0 2 0 1 
 5 2 0 0 2 1  1 1 1 3 1 
 6 0 1 2 3 2  2 0 0 2 1 
 7 0 2 0 3 1  1 0 1 0 2 
Block 2 8 0 0 1 0 1  1 1 1 3 1 
 9 2 1 2 0 1  1 1 0 1 2 
 10 0 0 1 2 2  2 2 0 0 2 
 11 1 1 1 2 1  2 1 2 0 1 
 12 0 1 2 3 2  2 2 0 0 2 
Block 3 13 1 0 1 0 2  1 1 0 1 2 
 14 1 0 2 0 1  1 1 1 3 1 
 15 1 0 0 1 1  0 2 1 1 1 
 16 0 1 2 3 2  1 0 0 1 1 
 17 0 2 0 3 1  2 1 2 0 1 
Block 4 18 1 0 1 0 2  0 2 1 1 1 
 19 0 1 0 0 1  1 1 1 3 1 
 20 1 0 2 0 1  1 1 0 1 2 
 21 1 1 1 2 1  2 2 0 0 2 
 22 0 1 2 3 2  1 0 2 0 1 
Block 5 23 0 0 1 0 1  1 1 0 1 2 
 24 2 1 2 0 1  0 2 1 1 1 
 25 1 1 1 3 1  1 0 0 1 1 
4. Experimental Design  
This study considers five attributes, with four having three levels and one with four levels. The LMN 
experimental design technique is used to construct the choice sets which will be presented to the respondents. 
In a choice set, the identified levels for the chosen attributes are systematically varied and mixed to represent 
a particular option. Each respondent is posed with 5 choice sets with each choice set containing 2 generic 
options and a neutral (baseline) option. The generic options reflect improvement over the baseline, while the 
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baseline option reflects the continuation of the current wastewater treatment scenario. For each choice set, 
respondents are asked to choose the most preferred option. The LMN design in this study is based on an 
orthogonal fractional factorial that considers both main effects and interaction effects. The fractional factorial 
for the main effects is depicted in Table 3. The levels of attributes are coded as shown in Table 2.  
5. Conclusion  
The Malaysian government is contemplating on improving the quality of household wastewater treatment 
services. This may entail increases in the payment of related utility fee on the part of households. This study 
employs the choice modelling technique to identify what service attributes are preferred by households and to 
what extent are their willingness to pay for service improvements over the current levels. Four non-monetary 
service attributes have been identified through a number of focus groups sessions. They are river water quality 
(effluent), environmental improvement, standard time for repair (response time), and odour impact (distance 
of treatment plant from housing area). Findings from this study will provide relevant policy inputs and the 
matching of consumer demand with the feasibility of supply on the part of service providers.  
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